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Description 

The  present  invention  relates  to  a  cold  rolled  steel  sheet  having  excellent  cold  rolling  efficiency  together 
with  excellent  press  formability  by  means  of  continuous  annealing,  and  to  a  method  for  producing  the  same. 

5  Since  cold  rolled  steel  sheet  having  a  good  press  formability  has  been  heretofore  manufactured  chiefly 
with  an  eye  to  the  mechanical  properties  of  the  steel  sheet,  the  chemical  composition  and  processing  condi- 
tions  thereof  have  mainly  been  fixed  parameters.  Quite  recently,  the  thickness  of  hot  rolled  steel  strips  has 
tended  to  increase  in  order  to  reduce  the  amount  of  energy  required  and  to  attain  high  productivity  strip  rolling. 
Thus,  the  development  of  such  a  cold  rolled  steel  sheet  having  a  sufficient  rupture  strength  during  cold  rolling 

10  and  the  lower  energy  consumption  required  for  cold  rolling,  together  with  good  press  formability,  and  of  a  meth- 
od  for  producing  the  same  are  now  in  great  demand. 

As  a  method  for  producing  a  deep  drawing  steel  sheet  using  continuous  annealing,  it  has  been  known  to 
coil  a  hot  rolled  steel  sheet  at  high  temperature  in  a  hot  strip  mill.  For  instance,  the  method  of  coiling  a  steel 
containing  C^O.06%  by  weight  at  630°C  or  higher  (Japan  Examined  Patent  Application  No.  1969/74)  is  known), 

15  and  another  method  for  coiling  a  steel  containing  0.01-0.10%  Mn  by  weight,  less  than  0.003%  S  by  weight, 
less  than  0.005%  P  by  weight,  less  than  0.006%  N  by  weight,  and  0.01-0.06%  Al  by  weight  at  650°C  or  higher 
(Japan  Laid-open  Patent  Application  No.  35726/81)  has  also  been  proposed. 

The  former  relates  to  an  improvement  in  the  deep  drawability  of  the  steel  sheet  by  a  method  which  com- 
prises  coiling  the  hot  rolled  steel  strip  at  a  high  temperature  in  order  to  coarsen  the  carbide  of  the  hot  rolled 

20  steel  strip,  and  the  P  and  N  contents  of  the  steel  are  on  a  level  with  common  Al-killed  steel.  The  latter  is  directed 
to  an  improvement  in  the  deep  drawability  of  the  steel  sheet  by  a  method  which  comprises  extremely  lowering 
the  Mn  content  and  S  content  as  well  as  the  P  content  in  addition  to  the  high  coiling  temperature,  but  the  N 
content  is  on  a  level  with  common  Al-killed  steel. 

According  to  US-A-4,040,873  a  low  yield  point  cold-reduced  steel  sheet  having  excellent  properties  for 
25  press-forming  can  be  obtained  by  a  full  continuous  annealing  process  when  a  low  carbon  steel  is  manufactured 

by: 
1.  chemical  composition  is  substantially  controlled  at  the  steel  making  stage  as  follows, 

/0/==0.02%,  preferably  0.014%,  depending  upon  additions  of  Si  and  Al, 
/Si/==0.2%,  preferably  0.1%  to  0.02%, 

30  /Sol.AI/==0.009%,  preferably  0.005%, 
2.  at  the  hot-rolling  stage  after  ordinary  slabbing,  a  hot-rolled  steel  strip  is  coiled  within  the  range  of  650° 
to  800°C,  and 
3.  at  the  continuous  annealing  stage  afterordinary  pickling-cold-reducing,  a  cold-reduced  steel  strip  is  sub- 
jected  to  a  full  continuous  annealing  including  an  over-aging  treatment. 

35  However,  in  the  above-mentioned  methods,  high  temperature  coiling  is  performed  during  the  hot  rolling 
step.  Therefore,  when  the  coil  of  steel  is  cooled,  the  cooling  is  non-uniform  throughout.  As  a  result,  the  uni- 
formity  of  mechanical  properties  in  the  longitudinal  direction  as  well  as  the  width  direction  is  lowered.  Partic- 
ularly,  the  quality  of  the  top  and  bottom  ends  of  the  coil  is  so  extremely  impaired  as  to  seriously  reduce  the 
yield  of  the  steel  product.  In  addition,  a  thick  scale  is  produced  by  the  high  temperature  coiling,  so  there  is  the 

40  disadvantage  that  descaling  efficiency  of  the  hot  rolled  steel  strip  is  low. 
It  is  the  object  of  the  present  invention  to  provide  a  method  for  producing  a  cold  rolled  steel  sheet  having 

excellent  stretchability,  deep  drawability,  and  an  eminent  secondary  workability  which  appears  after  the  press 
working  by  a  continuous  process  with  high  productivity,  high  yield,  low  energy  consumption  and  high  cold  rolling 
reduction.  This  object  is  achieved  with  the  present  invention. 

45  The  subject  matter  of  the  invention  therefore  is  a  method  for  producing  a  cold  rolled  steel  sheet  having  an 
excellent  press  formability  which  comprises  the  steps  of  providing  an  aluminum  killed  steel  containing  not  more 
than  0.07%  C  by  weight,  more  than  0.10%  to  not  more  than  0.40%  Mn  by  weight,  0.010-0.050%  Al  by  weight, 
nitrogen  and  phosphorus,  and  optionally  not  more  than  0.02%  Si  by  weight,  not  more  than  0.10%  Cr  by  weight, 
not  more  than  0.10%  Ti  by  weight,  not  more  than  0.10%  Nb  by  weight  and  not  more  than  0.0030%  B  by  weight, 

50  the  remainder  being  Fe  and  unavoidable  impurities,  hot  rolling  said  steel  at  a  temperature  of  not  less  than 
850°C,  cold  rolling  said  hot  rolled  steel  at  a  reduction  of  not  less  than  50%,  and  finally  subjecting  said  cold 
rolled  steel  to  a  recrystallization  continuous  annealing  treatment  at  a  temperature  between  the  recrystallization 
temperature  and  the  A3  point  for  a  period  of  not  longer  than  five  minutes,  characterized  in  that  the  said  steel 
contains  not  more  than  0.0025%  N  by  weight,  and  not  more  than  0.010%  P  by  weight,  with  the  relation  between 

55  p  and  N  being  P+5N^0.0175%,  and  wherein  the  coiling  temperature  of  the  hot  rolled  coil  is  not  higher  than 
650°C. 

In  the  accompanying  drawings 
Figure  1  is  a  graphic  view  showing  the  relation  between  the  P  and  N  content  of  a  low  carbon  Al-killed  steel 

2 
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and  the  rvalue,  and  the  elongation  of  the  steel  sheet; 
Fig.  2  is  a  graphic  view  indicating  the  relation  between  the  P  and  N  content  of  a  low  carbon  Al-killed  steel 
and  rupture  property  during  cold  rolling  efficiency  of  the  steel; 

5  Fig.  3  is  a  graphic  view  showing  the  relation  between  the  secondary  workability  and  the  P  and  N  content 
of  an  extremely  low  carbon  Al-killed  steel; 
Fig.  4  is  a  graphic  view  indicating  the  relation  between  the  elongation,  and  the  r  value  and  the  P  and  N 
content  of  an  extremely  low  carbon  Al-killed  steel; 
Fig.  5  is  a  graphic  view  showing  an  embodiment  of  the  relation  between  the  coiling  temperature  of  the  low 

10  carbon  Al-killed  steel  and  the  r  value  of  a  steel  sheet;  and 
Fig.  6  is  also  a  graphic  view  showing  an  embodiment  of  the  relation  between  the  cold  rolling  reduction  and 
the  r  value  of  a  low  carbon  Al-killed  steel. 
The  inventors  of  the  present  invention  conducted  extensive  and  detailed  research  on  press  formability  of 

low  carbon  Al-killed  steel  produced  by  the  continuous  annealing  process.  As  a  result,  the  inventors  have  found 
15  that  N  and  P  have  an  extremely  great  influence  on  the  deep  drawability  and  stretchability.  The  inventors  have 

proceeded  with  the  research  so  far  that  they  have  achieved  the  present  invention  in  which  the  Mn  content  is 
on  the  usual  level  (more  than  0.10%),  yet  the  high  temperature  coiling  is  no  longer  required. 

The  present  invention  is  characterized  by: 
(a)  Being  different  from  the  methods  of  prior  art,  high  temperature  coiling  is  unnecessary  so  that  both  pro- 

20  ductivity  and  yield  are  high; 
(b)  Being  different  from  the  steel  obtained  by  the  methods  of  prior  art,  the  high  cold  reduction  can  be  easily 
achieved  in  the  cold  rolling  step,  and  by  the  high  cold  reduction  the  deep  drawability  can  be  much  improved; 
and 
(c)  In  addition,  a  cold  rolled  steel  sheet  of  highest  grade  stretchability  and  deep  drawability  can  be  easily 

25  produced  by  reducing  carbon  content  to  not  more  than  0.005%. 
First,  the  chemical  composition  of  the  steel  of  this  invention  will  be  explained  below. 
If  the  carbon  content  exceeds  0.07%,  the  steel  will  be  hardened,  and  the  cold  rolling  efficiency,  one  feature 

of  the  invention,  will  be  lost  too.  The  preferred  range  of  C  is  not  more  than  0.05%. 
The  most  important  requirement  of  the  chemical  composition  which  constitutes  the  invention  is  to  specify 

30  a  closely  inseparable  correlation  of  P  and  N.  In  accordance  with  the  present  invention,  it  is  required  to  specify 
P==0.01  0%,  N==0.0025%  and  satisfy  the  relation  P+5N==0.0175%.  These  requirements  must  be  satisfied  in  or- 
der  to  improve  both  press  formability  and  cold  rolling  efficiency  simultaneously.  This  will  be  explained  in  more 
detail  hereinbelow. 

It  is  indispensable  to  limit  the  contents  of  P  and  N. 
35  As  an  embodiment,  Fig.  1  shows  the  relation  between  the  contents  of  P  and  N  and  the  r  value,  and  elon- 

gation  in  connection  with  a  steel  containing  0.02-0.040%  C,  0.10-0.25%  Mn,  and  0.02-0.04%  Al;  and  Fig.  2 
indicates  the  relation  between  the  content  of  P  and  N  and  the  cold  rolling  efficiency.  The  relationships  are 
shown  by  contour  lines  of  the  average  values  obtained  from  a  large  number  of  experiments. 

Other  processing  conditions  are  as  follows: 
40 

Heating  temperature  of  slab  1050  1250°C 
Finishing  temperature  of  hot  rolling  >850°C 

45  Coiling  temperature  g75  650°C 
Cold  rolling  reduction  75  85% 
Annealing  condition  (continuous  annealing  process)  700°Cx1  min  + 

400°Cx3  min. 
50  Reduction  of  temper  rolling  i  2% 

As  is  clearly  understood  from  Fig.  1,  the  rvalue  (solid  line)  favorably  correlated  with  deep  drawability  and 
elongation  (broken  line)  is  much  improved  if  P  is  not  more  than  0.010%  and  N  is  not  more  than  0.0025%  and 

55  the  formula  P+5N^0.0175%  is  satisfied.  Particularly,  it  is  seen  that  a  considerably  marked  effect  is  exhibited 
in  the  region  where  P  is  not  more  than  0.007%  and  N  not  more  than  0.0020%.  Furthermore,  if  N  is  not  more 
than  0.0015%,  the  highest  deep  drawability  is  exhibited.  The  rvalue  and  the  elongation  are  high  despite  a  rel- 
atively  low  coiling  temperature,  such  as  575-650°C.  Fig.  2  shows  the  relation  between  P  and  N  content  and 
rupture  property  during  cold  rolling. 

1050—  1250°C 

>850°C 

575—  650°C 

75—85% 

700°Cx1  min.+ 
400°Cx3  min. 

1.2% 
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Strip  fracture  was  evaluated  by  the  following  test:  A  notch  was  made  at  the  edge  of  each  hot  rolled  sheet 
(total:  20  sheets)  4.0  mm  thick,  then  it  was  cold  rolled  by  a  cold  rolling  mill  in  the  laboratory  scale  at  a  reduction 
of  85%  to  a  sheet  0.6  mm  thick;  and  the  total  number  of  the  thus  cold  rolled  sheet  was  investigated  as  to  whet  h- 

5  er  sheet  fracture  occurred  or  not. 
Fig.  2  shows  the  number  of  fracture  sheets.  As  shown  in  Fig.  2,  the  steel  fracture  in  the  cold  rolling  strip 

scarcely  occurs  in  the  region  where  P  is  not  more  than  0.010%  and  N  is  not  more  than  0.0025%  and 
P+5N^0.0175%.  Further,  as  is  shown  in  an  embodiment  of  the  invention  hereinafter,  the  energy  consumption 
required  for  cold  rolling  is  less  than  that  of  the  prior  art.  As  described  hereinafter,  in  the  cold  rolling  step  of  the 

10  invention,  a  higher  reduction  than  that  of  the  prior  art  is  preferred,  hence  this  excellent  cold  rolling  efficiency 
should  be  evaluated  as  of  great  significance  in  industry.  Particularly  as  shown  in  Fig.  2  this  is  conspicuous 
where  P+5N==0.0175%  and  P  is  not  more  than  0.007%  and  N  not  more  than  0.0020%. 

Accordingly,  the  contents  of  P  and  N  were  specified  as  above  taking  both  press  formability  and  cold  rolling 
efficiency  of  the  steel  sheet  into  account. 

15  Mn  in  an  amount  of  at  least  0.10%  is  required  in  order  to  inhibit  hot  shortness  due  to  S  in  the  hot  rolling 
process  and  to  satisfy  the  commonly  accepted  requirement  Mn/S^io.  On  the  other  hand,  however,  if  Mn  ex- 
ceeds  0.40%,  Mn  hardens  the  steel  and  lowers  press  formability.  If  more  eminent  deep  drawability  is  required, 
not  more  than  0.30%  Mn  is  preferred. 

Al  of  at  least  0.010%  is  required  in  order  to  kill  the  steel  and  to  fix  N  in  the  steel  as  AIN.  On  the  other  hand, 
20  if  Al  exceeds  0.05%,  the  steel  sheet  will  be  hardened.  The  cost  will  also  be  higher.  The  preferred  range  is  0.01  0- 

0.040%  Al. 
In  order  to  inhibit  the  hot  shortness,  S  should  be  specified  to  satisfy  Mn/S^io  as  is  usual,  and  S  is  preferred 

to  be  not  more  than  0.015%  from  the  viewpoint  of  cold  workability. 
The  chemical  composition  of  the  steel  in  accordance  with  the  present  invention  has  been  described  in  the 

25  foregoing.  In  order  to  further  improve  the  characteristics  of  the  invention,  such  an  element  as  B  or  Cr  which 
forms  carbide  or  nitride  may  be  suitably  added  in  the  commonly  accepted  range. 

To  further  enhance  the  cold  workability  of  the  steel  sheet,  B  may  be  added  to  the  Al-killed  steel,  whereby 
much  better  workability  and  cold  rolling  efficiency  can  be  achieved  without  any  loss  of  the  merit  of  the  present 
invention.  In  case  B  is  added,  B/N^1.5  is  preferred. 

30  In  addition,  if  Cr  is  added,  it  is  preferred  to  be  not  more  than  0.10%  as  usually  done. 
In  accordance  with  the  present  invention,  a  cold  rolled  steel  sheet  favored  with  a  combination  of  highest 

stretchability,  deep  drawability  and  embrittlement  after  deep-drawing  (referred  to  as  secondary  workability 
hereinafter),  all  of  the  highest  degree  can  be  produced  by  adding  additional  requirements,  not  more  than 
0.005%  C  and  P==4C  specified  between  P  and  C. 

35  The  upper  limit  of  C  has  been  specified  as  0.005%  in  order  to  obtain  stretchability  and  deep  drawability 
of  the  highest  degree.  However,  the  mere  reduction  of  the  carbon  content  tends  to  bring  about  the  secondary 
working  crack  after  press  forming.  For  instance,  if  the  carbon  content  is  reduced  to  not  more  than  0.005%,  it 
is  known  that  the  secondary  working  crack  will  occur,  although  the  degree  of  the  press  working  is  not  great. 
It  has  been  found  from  a  large  number  of  experimental  results  that  to  prevent  the  occurrence  of  secondary 

40  working  crack  notwithstanding  such  a  severe  press  working  operation  as  about  3.5  of  the  drawing  ratio,  it  is 
most  effective  to  specify  P  as  not  more  than  0.010%  while  maintaining  the  relation  P^4C  so  as  to  reduce  P 
as  well  as  C.  The  decrease  of  P  together  with  the  decrease  of  C  contributes  to  the  improvement  of  deep  draw- 
ability  as  well  as  stretchability.  As  described  hereinafter,  it  is  understood  that  the  reduction  of  P  only  also  con- 
tributes  to  the  improvement  of  deep  drawability  and  stretchability.  Therefore,  in  accordance  with  the  present 

45  invention,  the  decrease  of  C  is  accompanied  by  the  simultaneous  decrease  of  P,  hence  its  advantageous  effect 
is  much  greater  than  in  the  steel  of  prior  art.  In  addition,  to  exhibit  the  characteristics  of  the  invention  to  the 
utmost,  it  is  preferred  to  specify  C  as  not  more  than  0.004%  and  P^3C. 

Thus,  in  the  case  of  extremely  low  carbon  steel,  the  limiting  of  P  and  N  has  very  great  significance. 
Fig.  3  shows  an  embodiment  of  the  relation  between  the  contents  of  P  and  N  and  the  secondary  workability 

so  in  connection  with  a  steel  containing  0.003-0.004%_C,  0.20-0.25%  Mn,  and  0.01-0.04%  Al;  and  Fig.  4  shows 
the  relation  between  the  content  of  P  and  N  and  the  rvalue,  elongation.  The  relationships  are  shown  by  contour 
lines  based  on  average  values  obtained  from  a  large  number  of  experiments.  In  addition,  in  Figs.  34,  the  upper 
limiting  of  P  is  indicated  as  0.014%  (P=4C)  in  terms  of  C=  0.0035%. 

Other  processing  conditions  are  as  follows: 
55 

4 
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10 

Heating  temperature  of  hot  rolled  slab  1050  —  1200°C 

Finishing  temperature  of  hot  rolling  higher  than  890°C 

Coiling  temperature  of  hot  rolled  coil  550  —  650T 

Reduction  of  cold  rolling  80  —  85% 

Annealing  condition  (continuous  annealing  process)  750°Cx1  min. 

Reduction  of  temper  rolling  1.0% 

By  the  way,  the  examination  of  secondary  workability  shown  in  Fig.  3  is  conducted  as  follows:  steel  sheets 
15  are  drawn  to  cups  with  various  drawing  ratios,  each  of  which  is  subjected  to  expansion  with  a  conical  punch 

at  a  temperature  of  0°C,  and  at  this  time  an  investigation  is  made  as  to  whether  brittle  rupture  occurred  on  the 
thus  formed  cups  or  not.  The  secondary  workability  is  evaluated  with  the  greatest  drawing  ratio  where  no  brittle 
rupture  occurs.  The  numeral  of  Fig.  3  shows  the  greatest  drawing  ratio  where  the  secondary  working  crack 
will  not  occur,  and  it  means  that  the  greater  the  numeral  the  better  the  secondary  workability. 

20  In  Fig.  4,  the  solid  line  refers  to  the  elongation,  the  broken  line  to  the  rvalue,  and  the  numerals  refer  to 
the  elongation  and  the  rvalue,  respectively. 

As  is  clearly  seen  in  Figs.  3-4,  P  has  an  influence  not  only  on  the  secondary  workability  but  also  on  the 
elongation  strongly  correlated  with  the  stretchability  and  the  rvalue  strongly  correlated  with  the  deep  draw- 
ability.  At  the  range  of  P^0.010%,  an  improved  effect  of  elongation  becomes  extremely  great  while,  at  the  same 

25  time,  the  rvalue  is  much  improved  with  the  reduction  of  P. 
Moreover,  with  reference  to  N,  a  new  fact  that  the  secondary  workability  is  improved  with  the  reduction 

of  N  is  also  found,  and  in  the  range  of  N^25PPM  the  r  value  is  remarkably  improved,  and  the  elongation  is 
improved,  too. 

By  the  above-mentioned  method,  on  extremely  low  carbon  cold  rolled  steel  sheet  having  more  than  52% 
30  of  the  elongation,  more  than  1  .6  of  the  r  value,  and  more  than  3.5  of  the  drawing  ratio  without  the  secondary 

working  crack  can  be  obtained.  It  is  understood  that  the  above  characteristics  can  be  much  improved  by  further 
reducing  the  contents  of  P  and  N  to  the  lower  level,  and  besides,  a  cold  rolled  steel  sheet  favored  with  the 
stretchability,  deep  drawability,  and  secondary  workability  of  the  highest  degree  can  be  produced  by  limiting 
P==0.007%  and  N==0.0020%. 

35  The  fundamental  compositions  of  the  extremely  low  carbon  steel  of  this  invention  have  been  described, 
and  in  addition  thereto,  Ti,  Nb  and  B  can  be  added  in  a  suitable  amount.  Ti,  Nb  or  B  combine  with  N  and  C, 
and  the  present  invention  aims  at  lower  C  and  N,  so  that  the  characteristics  of  the  invention  can  be  enhanced 
by  the  addition  of  these  elements.  In  the  addition  of  the  elements,  one  or  more  of  Ti^0.10%,  Nb^0.10%,  and 
B^O.0030%  can  be  added.  When  the  content  of  each  element  exceeds  its  upper  limit,  its  effect  is  saturated 

40  and  the  sheet  cost  is  also  raised.  The  steel  sheet  containing  the  above  chemical  composition  is  produced  in 
the  following  way. 

The  molten  steel  is  produced  by  the  conventional  steel  making  method  and  in  the  manufacture  of  extremely 
low  carbon  steel  the  molten  steel  is  subjected  to  vacuum  degassing  treatment  and  then  made  into  slabs  by 
the  conventional  method. 

45  In  the  present  invention,  the  finishing  temperature  of  hot  rolling  should  be  a  higher  temperature  than  850°C. 
If  it  is  less  than  850°C,  the  deep  drawability  will  be  lowered.  The  temperature  for  heating  the  steel  slab  is  not 
essential  in  the  present  invention.  Accordingly,  it  is  preferred  to  heat  at  a  temperature  not  more  than  1200°C 
from  the  viewpoint  of  energy  saving  policy  and  obtaining  better  press  formability  as  described  hereinafter. 

Also,  hot  slabs  obtained  by  the  continuous  casting  or  break-down  mill  may  be  directly  hot  rolled,  or  hot- 
50  charged  into  slab  heating  furnace.  Preferable  hot  rolling  conditions  are  as  follows. 

The  finishing  entry  temperature  of  the  finishing  tandem  stands  is  preferred  to  be  not  higher  than  1000°C, 
so  that  the  reduction  in  lower  temperature  range  can  become  large.  For  instance,  the  total  reduction  of  the 
final  two-pass  is  preferred  to  be  40%  or  more.  The  finishing  temperature  is  preferred  to  be  higher  than  the  Ar3 
point  (referred  to  as  A3  hereinafter),  and  thereafter  strip  is  forcedly  cooled  as  soon  as  possible  after  rolling  at 

55  a  cooling  rate  more  than  30°C  per  second.  With  the  above  processing  conditions,  the  characteristics  of  the 
present  invention  will  be  exceedingly  exhibited.  This  advantageous  effect  is  particularly  great  in  the  extremely 
low  carbon  steel.  The  slab  heating  temperature  may  be  preferred  to  be  not  higher  than  1100°C  in  order  to  make 
the  finish  entry  temperature  not  higher  than  1000°C. 

Referring  to  the  coiling  temperature  of  this  invention,  a  high  coiling  temperature  is  not  required,  which  is 

5 
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characteristically  different  from  the  prior  art.  The  coiling  temperature  of  a  low  carbon  Al-killed  steel  is  preferred 
to  be  higher  than  575°C  in  this  invention  in  order  to  ensure  more  than  1  .4  of  the  r  value  required  for  a  deep 
drawing  quality. 

5  Fig.  5  shows  the  relation  between  the  coiling  temperature  and  the  rvalue  in  connection  with  a  steel  con- 
taining  0.03%  C,  or  0.20%  Mn,  0.007  P,  0.0015%  N,  and  0.030%  Al.  The  annealing  condition  is  700°C  x  1  min- 
ute+400°Cx3  minutes  (continuous  annealing  process). 

As  shown  in  Fig.  5,  the  higher  coiling  temperature  such  as  700°C  is  not  required  as  the  prior  art,  and  a 
steel  sheet  of  good  deep  drawability  can  be  obtained  even  when  coiled  at  a  temperature  lower  than  630°C. 

10  When  the  softer  steel  sheet  is  required,  the  coiling  temperature  may  be  higher  than  630°C.  Even  in  this  case, 
as  described  in  the  following  example,  the  present  invention  has  a  distinct  advantage  in  that  even  at  high  coiling 
temperature  (for  instance,  750°C),  the  quality  variation  in  the  longitudinal  direction  and  width  direction  of  the 
coil  is  extremely  small  as  compared  with  the  prior  art. 

In  the  case  of  the  extremely  low  carbon  Al-killed  steel,  the  characteristics  of  the  invention  are  not  affected 
15  by  the  coiling  temperature  at  all.  Therefore,  the  coiling  temperature  is  preferred  to  be  550-650°C  from  the  view- 

point  of  pickling  or  descaling  efficiency. 
The  hot  rolled  coil  is  subsequently  subjected  to  descaling  and  cold  rolling.  Cold  rolling  is  carried  out  at  a 

reduction  of  at  least  50%  as  in  the  conventional  method.  However,  it  has  been  confirmed  that  the  cold  work- 
ability  of  the  steel  of  this  invention  is  much  improved  with  a  higher  reduction  of  the  cold  rolling  than  the  common 

20  steel  of  prior  art.  The  results  thereof  are  shown  in  Fig.  6. 
The  chemical  composition  and  the  hot  rolling  conditions  of  the  samples  illustrated  in  Fig.  6  are  shown  in 

Table  1. 

TABLE  1 
25 

35 

Chemical  composition  (wt.%)  Hot  rolling  conditions 

Finishing  Coiling 
temperature  temperature 

C  Mn  P  Al  N  (°C>  (°C) 

This  Steel 
invention  A  0.030  0.20  0.007  0.025  0.0012  860  600 

Steel  "  "  0.020  "  0.0020 
B 

'=  Steel  0.030  "  0.015  "  0.0030  865 
E  U 
o u  Steel  0.030  "  0.020  "  0.0040  873 

0 

The  annealing  condition  is  750°x1  minute+400°Cx3  minutes. 
As  is  clear  in  Fig.  6,  the  steel  A  of  this  invention  has  a  high  rvalue,  and  it  is  seen  that  the  cold  reduction 

45  where  the  r  value  reaches  the  peak  is  about  87%.  When  the  cold  reduction  becomes  more  than  70%,  more 
than  1  .4  of  an  rvalue  is  obtained.  Therefore  the  cold  reduction  is  preferred  to  be  more  than  70%  and  not  more 
than  90%  in  order  to  obtain  a  high  r  value.  Most  preferable  range  is  75-90%. 

On  the  other  hand,  however,  comparative  steels  B,  C  and  D  have  low  rvalues,  and  the  cold  reduction  where 
the  rvalue  reaches  its  peak  is  about  75%. 

so  This  high  cold  rolled  reduction  and  thereby  high  r  value  is  one  of  the  features  of  the  present  invention. 
Moreover,  the  steel  of  the  invention  has  excellent  cold  rolling  efficiency,  so  that  there  is  no  problem  even  if 
the  cold  reduction  is  increased  to  70-90%. 

The  recrystallization  annealing  is  carried  out  at  a  temperature  between  recrystallization  temperature  and 
the  A3  point  by  the  continuous  annealing  method  and  the  strip  is  subsequently  cooled,  and  if  necessary  sub- 

55  jected  to  an  overageing.  The  method  of  this  invention  can  be  applied  to  any  continuous  annealing  method. 
Under  typical  annealing  conditions,  the  steel  is  subjected  to  recrystallization  at  a  soaking  temperature  of  650- 
850°C  for  a  period  of  not  more  than  5  minutes,  then  cooled,  and  subjected  to  overageing  at  a  temperature  of 
200-450°C  for  a  period  of  not  more  than  1  0  minutes.  To  improve  the  deep  drawability  much  further,  the  soaking 
temperature  is  preferred  to  be  higher  than  700°C. 

6 
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In  addition,  the  typical  annealing  conditions  to  be  applied  to  the  extremely  low  carbon  Al-killed  steel  are 
as  follows:  the  steel  is  subjected  to  recrystallization  at  a  soaking  temperature  of  700-800°C  for  a  period  of  not 
more  than  three  minutes  and  is  then  cooled.  In  this  case,  the  overageing  treatment  is  not  required,  but  it  may 

5  be  conducted  at  a  temperature  of  200-450°C  for  a  period  of  less  than  5  minutes. 
The  steel  strip  thus  annealed  is  subjected  to  temper  rolling,  if  necessary,  and  now  it  is  ready  for  further 

processing  into  a  product. 
Since  the  steel  manufactured  in  accordance  with  the  method  of  the  present  invention  can  be  subjected 

toany  surface  treatment  with  no  loss  ofthe  features  of  the  invention,  it  can  be  applied  to  any  surface  treatment, 
10  such  as  the  manufacture  of  tinplate,  galvanized  sheets,  turn  sheets,  etc. 

Example  1 

The  steels  shown  in  Table  2  were  produced  in  a  converter;  the  molten  steel  was  cast  in  a  continuous  casting 
15  mold  to  obtain  a  slab;  the  slab  was  reheated  to  a  temperature  of  1050-1  200°C;  the  hot  slab  was  hot  rolled  into 

a  strip  4.0  mm  thick  under  the  hot  rolling  conditions  listed  in  Table  2;  the  hot  rolled  strip  was  descaled  and  the 
descaled  hot  rolled  strip  was  cold  rolled  to  a  strip  0.8  mm  thick  which  was  subjected  to  recrystallization  an- 
nealing  at  700°C  for  one  minute  by  continuous  annealing;  then  it  was  cooled  and  subjected  to  an  overageing 
treatment  at  400°C  for  3  minutes;  and  was  finally  subjected  to  temper  rolling  at  a  reduction  of  1.3%  to  obtain 

20  a  finished  product. 
Table  2  also  shows  the  mechanical  properties  and  the  cold  rolling  efficiency  ofthe  cold  rolling  process  in 

connection  with  the  steel  sheet  produced  by  the  above  method.  The  cold  rolling  efficiency  is  shown  by  an  en- 
ergy  consumption  ratio  ofthe  average  value  as  compared  with  the  prior  art  (common  low  carbon  Al-killed  steel) 
for  the  cold  rolling.  The  steel  sheet  fracture  property  was  evaluated  by  the  total  number  of  fractures  occurring 

25  in  the  examination  test  wherein  a  notch  was  made  at  the  edge  of  every  hot  rolled  sheet  (total:  20  sheets),  then 
it  was  cold  rolled  with  the  reduction  of  85%  by  a  laboratory  cold  rolling  mill  to  a  sheet  0.6  mm  thick. 

The  tensile  test  piece  is  No.  5  as  specified  by  JIS,  and  the  mechanical  property  was  indicated  by  the  aver- 
age  value  ofthe  whole  length  ofthe  coil,  and  the  difference  of  rvalue  between  rM  (the  center  ofthe  longitudinal 
direction  ofthe  coil)  and  rB  (the  tail  end  ofthe  longitudinal  direction  ofthe  coil)  are  also  shown. 

30  It  is  seen  that  every  steel  listed  within  the  scope  ofthe  present  invention  has  a  low  yield  point,  a  high  elon- 
gation,  a  high  rvalue,  good  press  formability,  and  excellent  cold  rolling  efficiency  despite  the  coiling  temper- 
ature  of  less  than  630°C. 

Coils  Ncs.  E  and  F  are  the  same  except  for  the  finishing  hot  rolling  conditions.  It  is  seen  that  the  r  value 
ofthe  coil  No.  F  wherein  the  finishing  hot  rolling  entry  temperature  is  lower  than  that  of  the  coil  No.  E  is  higher. 

35  The  comparative  steel  coil  No.  N  whose  coiling  temperature  was  750°C  has  a  fairly  good  rvalue  and  elongation, 
but  the  difference  in  rvalue  of  (rM-rB)  is  very  large,  so  that  the  quality  fluctuation  in  the  longitudinal  direction 
ofthe  coil  is  considerable  and  therefore  product  yield  is  low. 

40 
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Example  2 

The  steels  listed  in  Table  3  were  produced  in  a  converter;  The  molten  steel  was  subjected  to  vacuum  de- 
5  gassing  to  lower  the  carbon  content  to  a  predetermined  level;  and  then  was  cast  in  a  continuous  casting  mold 

to  obtain  a  slab:  The  slab  was  reheated  to  a  temperature  of  1050-1200°C  and  hot  rolled  under  the  conditions 
indicated  in  Table  3:  The  hot  rolled  strip  was  cold  rolled  to  0.8  mm  thickness  and  then  was  annealed  and  sub- 
jected  to  temper  rolling  at  1  .5%  reduction. 

The  properties  ofthe  cold  rolled  sheet  thus  obtained  are  listed  in  Table  3. 
10  The  tensile  test  piece  was  No.  5  specified  by  JIS;  and  the  secondary  workability  is  shown  by  the  largest 

drawing  ratio  where  no  brittle  rupture  occurs  in  drawn  cups  with  various  drawing  ratios  under  the  conical  ex- 
pansion  test  at  0°C. 

Each  of  the  extremely  low  carbon  steel  sheets  produced  within  the  scope  of  the  claims  of  the  present  in- 
vention  has  not  only  an  eminent  elongation  strongly  correlated  with  the  stretchability,  but  also  an  excellent  r 

15  value  strongly  correlated  with  the  deep  drawability,  and  further,  a  distinguished  secondary  workability,  hence 
it  can  be  said  that  the  steel  sheet  ofthe  present  invention  has  press  formability  ofthe  highest  degree. 

10 
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The  present  invention  has  been  described  in  detail  in  the  foregoing,  and  the  present  invention  has  the  fol- 
lowing  distinguishing  characteristics  as  compared  with  the  prior  art. 

a)  A  high  temperature  coiling  operation  is  not  required  in  the  hot  rolling  process,  and  coiling  at  temperature 
5  of  650°C  or  lower  is  feasible.  Therefore  the  pickling  or  descaling  efficiency  is  good  and  a  high  yield  is  pos- 

sible.  Further,  even  in  the  case  of  using  a  high  coiling  temperature  as  in  the  prior  art,  the  quality  at  the 
top  and  bottom  of  a  coil  is  excellent,  resulting  in  high  yield; 
b)  An  energy  saving  due  to  the  low  slab  reheating  temperature  is  possible  and  also  the  low  temperature 
heating  process  improves  the  cold  workability; 

10  c)  Unlike  the  steel  of  prior  art,  the  cold  rolling  reduction  is  so  easily  raised  that  the  productivity  of  the  hot 
rolling  process  will  be  improved,  energy  saving  is  also  possible  at  the  same  time,  deep-drawability  will  be 
more  improved;  and 
d)  By  making  an  extremely  low  carbon  steel,  a  cold  rolled  steel  sheet  favored  with  a  combination  of  the 
highest  degree  stretchability,  deep  drawability  and  secondary  workability  can  be  manufactured. 

15 

Claims 

1.  Method  for  producing  a  cold  rolled  steel  sheet  having  an  excellent  press  formability  which  comprises  the 
20  steps  of  providing  an  aluminum  killed  steel  containing  not  more  than  0.07%  C  by  weight,  more  than  0.10% 

to  not  more  than  0.40%  Mn  by  weight,  0.010-0.050%  Al  by  weight,  nitrogen  and  phosphorus,  and  optionally 
not  more  than  0.02%  Si  by  weight,  not  more  than  0.10%  Cr  by  weight,  not  more  than  0.10%  Ti  by  weight, 
not  more  than  0.10%  Nb  by  weight  and  not  more  than  0.0030%  B  by  weight,  the  remainder  being  Fe  and 
unavoidable  impurities,  hot  rolling  said  steel  at  a  temperature  of  not  less  than  850°C,  cold  rolling  said  hot 

25  rolled  steel  at  a  reduction  of  not  less  than  50%,  and  finally  subjecting  said  cold  rolled  steel  to  a  recrys- 
tallization  continuous  annealing  treatment  at  a  temperature  between  the  recrystallization  temperature  and 
the  A3  point  for  a  period  of  not  longer  than  five  minutes,  characterized  in  that  the  said  steel  contains  not 
more  than  0.0025%  N  by  weight,  and  not  more  than  0.10%  P  by  weight,,  with  the  relation  between  P  and 
N  being  P+5N^0.0175%,  and  wherein  the  coiling  temperature  of  the  hot  rolled  coil  ist  not  higher  than 

30  650°C. 

2.  Method  as  claimed  in  Claim  1  in  which  said  P  is  not  more  than  0.007%  by  weight  and  N  is  not  more  than 
0.0020%  by  weight  with  the  relation  between  P  and  N  being  P+5N==0.0175%  by  weight. 

35  3.  Method  as  claimed  in  Claim  1  in  which  said  P  is  not  more  than  0.007%  by  weight,  and  N  is  not  more  than 
0.0015%  by  weight. 

4.  Method  as  claimed  in  Claim  1  in  which  said  steel  further  contains  B  in  an  amount  such  that  B/N^1.5. 

5.  Method  as  claimed  in  Claim  1  in  which  said  C  is  not  more  than  0.005%  by  weight  and  said  relation  between 
40  said  P  and  said  C  is  P==4C. 

Patentanspruche 

1.  Verfahren  zur  Herstellung  eines  kaltgewalzten  Stahlblechs  mit  hervorragender  Preliverformbarkeit,  wo- 
beiein  aluminiumberuhigterStahl  miteinem  Gehaltvon  hochstens  0,07  Gewichtsprozent  C,  mehrals  0,10 
bis  hochstens  0,40  Gewichtsprozent  Mn,  0,010  bis  0,050  Gewichtsprozent  Al,  Stickstoff  und  Phosphor, 
und  gegebenenfalls  hochstens  0,02  Gewichtsprozent  Si,  hochstens  0,10  Gewichtsprozent  Cr,  hochstens 
0,10  Gewichtsprozent  Ti,  hochstens  0,10  Gewichtsprozent  Nb  und  hochstens  0,0030  Gewichtsprozent  B, 
Rest  Fe  und  unvermeidliche  Verunreinigungen,  bei  einer  Temperatur  von  mindestens  850°C  warmge- 
walzt,  der  warmgewalzte  Stahl  mit  einer  Dickenverminderung  von  mindestens  50%  kaltgewalzt  und  der 
kaltgewalzte  Stahl  schlieftlich  hochstens  5  Minuten  einer  kontinuierlichen  Rekristallisations- 
Gluhbehandlung  bei  einer  Temperatur  zwischen  der  Rekristallisationstemperatur  und  dem  A3-Punkt  un- 
terzogen  wird,  dadurch  gekennzeichnet,  daft  der  Stahl  hochstens  0,0025  Gewichtsprozent  N  und  hoch- 
stens  0,010  Gewichtsprozent  P  enthalt,  wobei  die  Beziehung  P  +  5N   ̂ 0,0175  %  zwischen  dem  P-  und 
dem  N-Gehalt  besteht,  und  die  Wickeltemperaturderwarmgewalzten  Rolle  nicht  hoherals  650°C  ist. 

2.  Verfahren  nach  Anspruch  1,  wobei  der  P-Gehalt  hochstens  0,007  Gewichtsprozent  und  der  N-Gehalt 
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hochstens  0,0020  Gewichtsprozent  betragt  und  die  Beziehung  P  +  5N   ̂ 0,0175  Gewichtsprozent  zwi- 
schen  dem  P-  und  dem  N-Gehalt  besteht. 

3.  Verfahren  nach  Anspruch  1,  wobei  der  P-Gehalt  hochstens  0,007  Gewichtsprozent  und  der  N-Gehalt 
hochstens  0,0015  Gewichtsprozent  betragt. 

4.  Verfahren  nach  Anspruch  1,  wobei  der  Stahl  ferner  B  in  einer  Menge  enthalt,  so  dali  B/N  ^1,5  ist. 

5.  Verfahren  nach  Anspruch  1,  wobei  der  C-Gehalt  hochstens  0,005  Gewichtsprozent  betragt  und  die  Be- 
ziehung  P   ̂ 4C  zwischen  dem  P-  und  C-Gehalt  besteht. 

Revendications 

1.  Procede  de  fabrication  d'une  tole  d'acier  laminee  a  froid  ayant  une  excellente  formabilite  a  la  presse,  qui 
consiste  a  produire  un  acier  calme  a  I'aluminium,  contenant  pas  plus  de  0,07%  en  poids  de  C,plus  de 
0,10%  a  pas  plus  de  0,40%  en  poids  de  Mn,  0,010  -  0,050%  en  poids  d'AI,  de  I'azote  etdu  phosphore,  et 
eventuellement  pas  plus  de  0,02%  en  poids  de  Si,  pas  plus  de  0,10%  en  poids  de  Cr,  pas  plus  de  0,10% 
en  poids  de  Ti,  pas  plus  de  0,10%  en  poids  de  Nb  et  pas  plus  de  0,0030%  en  poids  de  B, 
le  reste  etant  du  Fe  et  les  impuretes  inevitables, 
a  laminer  a  chaud  ledit  acier  a  une  temperature  non  inferieure  a  850°C,  a  laminer  a  froid  ledit  acier  lamine 
a  chaud  avecun  tauxde  reduction  non  inferieura  50%,  etfinalementa  soumettre  ledit  acier  lamine  afraid 
a  un  traitement  de  recuit  continu  de  recristallisation  a  une  temperature  comprise  entre  la  temperature  de 
recristallisation  et  le  point  A3  pendant  une  periode  d'une  duree  non  superieure  a  cinq  minutes,  caracterise 
en  ce  que  ledit  acier  ne  contient  pas  plus  de  0,0025%  en  poids  de  N  et  pas  plus  de  0,010%  en  poids  de 
P,  la  relation  entre  P  et  N  etant  P  +  5  N   ̂ 0,01  75%,  et  dans  lequel  la  temperature  de  bobinage  de  la  bobine 
laminee  a  chaud  n'est  pas  superieure  a  650°C. 

2.  Procede  tel  que  revendique  dans  la  revendication  1,  dans  lequel  la  teneur  en  P  n'est  pas  superieure  a 
0,007%  en  poids,  la  teneur  en  N  n'est  pas  superieure  a  0,0020%  en  poids  et  la  relation  entre  P  et  N  est 
P  +  5Ns   0,0175%  en  poids. 

3.  Procede  tel  que  revendique  dans  la  revendication  1  dans  lequel  la  teneur  en  P  n'est  pas  superieure  a 
0,007%  en  poids  et  la  teneur  en  N  n'est  pas  superieure  a  0,0015%  en  poids. 

4.  Procede  tel  que  revendique  dans  la  revendication  1,  dans  lequel  ledit  acier  contient  en  outre  B  en  une 
quantite  telle  que  B/N   ̂ 1,5. 

5.  Procede  tel  que  revendique  dans  la  revendication  1,  dans  lequel  la  teneur  en  C  n'est  pas  superieure  a 
0,005%  en  poids  et  ladite  relation  entre  la  teneur  en  P  et  la  teneur  en  C  est  P   ̂ 4C. 
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